(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



EP 1 270 594 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

02.01.2003 Bulletin 2003/01 

(21) Application number: 02016350.7 

(22) Date of filing: 21.03.1997 



(51) Intel/: C07K 16/40, G01N 33/68, 
A61K 39/00 



(84) Designated Contracting States: 


(74) Representative: Irvine, Jonquil Claire 


AT BE CH DE DK ES Fl FR GB GR IE IT LI NL PT 


J.A. KEMP & CO. 


SE 


14 South Square 




Gray's Inn 


(30) Priority: 22.03.1996 GB 9606040 


London WC1R5JJ (GB) 


(62) Document number(s) of the earlier application(s) in 


Remarks: 


accordance with Art. 76 EPC: 


•This application was filed on 25 - 07 - 2002 as a 


97908402.7/0 896 615 


divisional application to the application mentioned 




under INID code 62. 


(71) Applicant: Synaptica Limited 


•The sequence listing, which is published as annex 


Didcot, Oxon OX11 0QJ (GB) 


to the application documents, was filed after the date 




of filing. The applicant has declared that it does not 


(72) Inventors: 


include matter which goes beyond the content of the 


• Greenfield, Susan Adele 


application as filed. 


Oxon OX33 1BU (GB) 




• Vaux, David John Talbutt 




Abingdon, Oxon OX14 4 AX (GB) 





(54) Antibodies to peptide from a soluble fragment of acetylcholinesterase 



(57) The present invention provides antibodies to an 
isolated peptide, said peptide being selected from the 
peptide of sequence AEFHRWSSYMVHWK and func- 
tional variants thereof which (i) comprise at least 6 ami- 
no acids residues and have at least 70% homology with 



part or ail of said sequence and (ii) retain the calcium 
channel modulatory function of the peptide of said se- 
quence. 



m 

CM 



Q. 
LU 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP 1 270 594 A1 



2 



Description 

[0001] This invention concerns the enzyme acetyl- 
cholinesterase (AChE) in which the inventors have iden- 
tified a biologically active peptide. 
[0002] The classical or cholinergic role of AChE is to 
degrade enzymatically extracellular acetylcholine. How- 
ever, it has long been known that AChE exists also in a 
soluble form, (not a requirement for its classic enzymatic 
role) and is found in parts of the body where there is little 
or no acetylcholine. It is becoming widely accepted that 
AChE has a non-cholinergic function, though the bio- 
chemical basis for this function remains unclear. 
[0003] It is believed that excessive AChE may en- 
hance calcium entry into cells independent of its normal 
enzymatic action. Elevated cellular calcium levels may 
lead to a range of pernicious consequences, including 
undesirable changes in gene expression and, more im- 
portantly, mitochondrial swelling which may thereby 
compromise ATP metabolism and may indeed lead to 
apoptosis or programmed cell-death. Disease states 
which may be implicated include Parkinson's disease, 
Alzheimer's disease, stroke and malignancy. 
[0004] The cytoplasm of cells typically contains calci- 
um at concentrations of the order of 1 urn. Calcium is 
present intracellular^ in the endoplasmic reticulum in 
millimolar concentrations. Extracellular body fluids con- 
tain calcium also in millimolar concentrations. A calcium 
pump operates to maintain this substantial concentra- 
tion difference between the cytoplasm and the endo- 
plasmic reticulum, and thapsigargin is known to be im- 
plicated in the breakdown of this pump. Similarly a cal- 
cium pump normally functions between the cytoplasm 
and the extracellular fluid, it is believed that the conse- 
quences of the action of excessive AChE may be com- 
parable to the breakdown of these pumps. 
[0005] AChE, acting in a non-cholinergic capacity, 
has been shown to play an important part in the normal 
and abnormal functioning of the substantia nigra, the re- 
gion affected in Parkinson's disease. There are are 
three possible ways in which AChE may have toxic ef- 
fects: 

(i) excessive AChE may be released as a conse- 
quence of compensatory mechanisms known to oc- 
cur in that disorder; 

(ii) excessive glutamatergic activity known to occur 
in Parkinson's disease may lead to over-stimulation 
of calcium channel N-methyl-D-aspartate (NMDA) 
glutamate receptors, thereby converting a physio- 
logical situation to a pathological one; 

(iii) normal levels of AChE may act synergistically 
with fragments of p-amyloid precursor proteins 
known to be present in the Parkinsonian substantia 
nigra. 

[0006] AChE, again acting in a non-cholinergic capac- 
ity, may be an important contributing factor in Alzheim- 



er's disease. In transgenic mice with excessive AChE 
there are cognitive deficits reminiscent of Alzheimer's 
disease. Moreover Alzheimer's disease has been direct- 
ly associated with inappropriate levels and forms of 
5 AChE. Excessive AChE may act to enhance calcium en- 
try through overactivation of otherwise normal adaptive 
processes via a mechanism discussed in the experi- 
mental section below. 

[0007] Current therapies for both degenerative dis- 

10 eases are somewhat inadequate. Anti-Parkinsonian 
drugs which target dopamine substitution do not arrest 
neuronal cell loss, and newer drugs aiming to block cal- 
cium entry directly may have poor net payoff in terms of 
neuronal health and in addition would have widespread 

15 undesirable effects in both the central nervous system 
and peripheral tissue. Moreover, drugs used in Alzhe- 
imer's disease which exclusively target the cholinergic 
system, neglect areas where AChE may be having its 
pivotal non-cholinergic function. Previous attempts to 

20 target calcium channel activity in therapy for neurode- 
generative disorders have been hampered by the non- 
selective effects of the compounds available. 
[0008] In order to be conveniently administered, a 
compound for treatment of disorders of the central nerv- 

25 ous system, or more particularly of the brain, needs to 
be capable of crossing the blood-brain barrier. AChE is 
not capable of doing this, though a small lipid-soluble 
analogue of part of this molecule might be. Workers in 
the field have been seeking biologically active peptides 

30 based on the AChE molecule for more than ten years, 
in the hope of thereby achieving a more effective and 
selective treatment for disorders of the central nervous 
system such as Alzheimer's and Parkinson's diseases. 
[0009] It is known that antagonism of NMDA receptors 

35 js being explored as a therapy for stroke. The present 
invention is expected to find application in specific ther- 
apies for combating stroke and other problems of cere- 
bral circulation. 

[001 0] Abnormal cholinesterase expression occurs in 

40 several types of tumour cells. Although the role of 
cholinesterases in tumorigenesis is unclear, the fact that 
AChE and BuChE (butyryl cholinesterase) may be in- 
volved in the control of cell growth and proliferation dur- 
ing early development suggests that the amplification of 

45 cholinesterase genes may influence the ability of tumour 
cells to proliferate more rapidly. According to the inven- 
tion, antagonists of the non-cholinergic action of AChE 
are expected to be of interest in the prophylaxis and 
treatment of cancer. 

50 [0011] Several separate lines of evidence suggest 
that motor neurones may share, along with the neu- 
rones that are lost in Parkinson's disease (substantial 
nigra) and in Alzheimer's disease (basal forebrain, locus 
couruleus, raphe nucleus) several distinctive features 

55 as well as the common characteristic of releasing AChE 
in a non-cholinergic capacity. The released AChE may 
have a novel action, as in the regions prone to Parkin- 
sonian or Alzheimer degeneration to enhance develop- 



2 



3 



EP 1 270 594 A1 



4 



mental mechanisms in immature populations of motor 
neurones but exert toxic actions if inappropriately reac- 
tivated in mature systems. The AChE-peptide described 
herein may also therefore be pivotal in the aetiology of 
Motor Neurone Disease. The undisclosed finding sup- 
porting this claim is that in pilot studies, the AChE pep- 
tide binds bilaterally to selective sites within the spinal 
cord. 

[0012] Amyloid precursor protein (APP) is known to 
have similar features to AChE as follows. Both AChE 
and APP are secreted from neurons into the cerebro spi- 
nal fluid (CSF), where for both AChE and APP there is 
a decrease in CSF levels in Alzheimer's disease. Both 
AChE and APP can have trophic functions. 
[0013] Both AChE and p-amyloid enhance calcium 
entry through NMDA receptors. Both AChE and APP ac- 
tivate potassium channels, probably linked to changes 
in intracellular calcium. Both AChE and p-amylotd acti- 
vate macrophages. Low stimulation of NMDA receptors 
has trophic effects whereas high stimulation is toxic. The 
dual trophic-toxic action of both APP and AChE may 
thus be mediated via NMDA receptors. A similar dual 
action via NMDA receptors has already been shown for 
the trophic factor BDNF in cortical cells. Finally, p-amy- 
loid and the monomer of AChE can bind together as a 
complex. 

[0014] This invention results from the inventors' iden- 
tification of a region of the AChE molecule from which 
a biologically active peptide (obtained either synthetical- 
ly or by endogenous processing) can be derived. The 
peptide consists of 14 residues of AChE from residue 
535 to residue 548 of the mature protein (in the transla- 
tion of the mRNA sequence, EMBL accession hsache. 
empri, number M55040, beginning at nucleotide 310). 
The sequence of this peptide is amino Ala - Glu - Phe - 
His - Arg - Trp - Ser - Ser - Tyr - Met - Val - His - Trp - 
Lys -carboxy, or in the one letter code, AEFHRWSSYM- 
VHWK. The inventors propose that this, or a related, 
peptide from this region of AChE acts alone or in syner- 
gism with a fragment of beta-amyloid to contribute to 
neuronal degeneration. The invention thus provides in 
one aspect a peptide containing at least six amino acid 
residues and having at least 70% homology with part or 
all of the above sequence. Preferably the peptide con- 
tains at least 1 2 amino acid residues having at least 90% 
homology with the above sequence. 
[0015] It appears that the two amino acid residues 
-Val -His appearing at positions 1 1 and 1 2 in the above 
sequence, may be of critical importance. Thus the in- 
vention also envisages peptides comprising or consist- 
ing of the four-mer sequence YMVH or MVHW or VHWK 
and having at least 70% homology with part or all of the 
above AChE sequence. 

[0016] A somewhat similar peptide is present in a re- 
gion of the p-amyloid precursor polypeptide. This region 
lies at the amino terminus of the 42 residue peptide that 
accumulates in Alzheimer's disease and has the se- 
quence amino - Asp - Ala - Glu - Phe - Arg - His - Asp - 



Ser - Gly - Tyr - Glu - Val - His - His - Gin - Lys - carboxy, 
or in the one letter code, DAEFRHDSGYEVHHQK, cor- 
responding to residues 597 - 612 of the translation of 
the human amyloid A4 precursor polypeptide (EMBL ac- 
5 cession hsafpa4. empri, number Y00264, beginning at 
nucieotide 148). 

[0017] The accompanying table shows the multiple 
sequence alignment of 5 AChE sequences, three 
BuChE sequences and the human amyloid precursor 

10 polypeptide at the region of interest. As reported in the 
experimental section below, the human amyloid precur- 
sor fragment does not itself exert calcium channel open- 
ing activity, but it does enhance the activity of the AChE 
fragment. The BuChE fragment appears inactive, both 

15 alone and together with the AChE fragment. In another 
aspect the invention thus envisages a mixture of AChE 
peptide with another peptide having at least four amino 
acid residues preferably including VH and having at 
least 70% homology with the above p-amyloid precursor 

20 sequence. 

[0018] There are various ways in which this AChE 
peptide or this peptide mixture may be used:- 

a) Since the AChE peptide is shown to have na- 
25 nomolar affinity for a binding site in the vulnerable 
cells, the peptide (or mixture) can be labelled with 
a signal moiety, or alternatively immobilised, and 
used to locate and identify the receptor site of the 
cells. The nature of this signal moiety is not material, 
30 and the technique of labelling peptides with signal 
moieties is well known. The peptide (or mixture) can 
be used as an affinity ligand for the selective retriev- 
al of the receptor molecule itself from preparations 
derived from those vulnerable cells. Additionally, 
35 the peptide affinity ligand could be used to screen 
an appropriate cDNA expression library to isolate a 
cDNA encoding the binding site directly. Once that 
receptor site is known, it will be possible to modify 
or control its properties. 
40 b) An alternative and preferred approach is to find 
a substance that inhibits the action of the biologi- 
cally active peptide or mixture. For example an an- 
tibody or other substance which binds to the peptide 
would be expected to inhibit its biological action. 
45 Structural properties of the active peptide itself, to- 
gether with a combinatorial analysis of the optimal 
peptide sequence for biological activity, will provide 
additional information. This structural information 
may suggest a family of synthetic (non-peptide) 
so compounds that could rationally be tested for effi- 
cacy. 

[001 9] In a further aspect, the invention thus envisag- 
es a compound which inhibits a biological activity of the 
55 AChE peptide or peptide mixture described above. The 
biological activity may perhaps be modulating, directly 
or indirectly a calcium-channel-opening activity. The 
compound will preferably be capable of crossing the 
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blood-brain barrier. 

[0020] Thus the non-cholinergic action of AChE, as 
mimicked by its 14 residue peptide, may be selectively 
blocked by a synthetic compound devised in this way. 
Moreover, the process of developing such a synthetic 
inhibitor is simplified by the demonstration of biological 
activity in such a small sub-fragment of the AChE mol- 
ecule. A consequence should be that the synthetic com- 
pound offers a more physiological action, thus reduction 
of calcium entry into vulnerable cells rather than com- 
plete abolition. In addition, this action should occur se- 
lectively, only in locations within the brain where AChE 
has a non-cholinergic action. It should be noted that 
these are the very sites primarily affected by cell loss in 
Alzheimer's and Parkinson's diseases. Thus use of 
these synthetic compounds should avoid widespread 
disruption of cellular calcium regulation, by offering a 
highly region-selective action within the brain. 

EXAMPLE 1 

Strategy for the identification of a receptor for the 
AChE peptide. 

[0021] 

1 . Use the peptide, tagged with biotin, to search for 
a cell type with a high affinity binding site for the 
peptide. Note that this search will begin with neuro- 
nal-derived tissue culture cell lines that should be 
good candidates. Functional significance for the 
binding of the AChE peptide will be assessed by 
looking for physiological effects of peptide binding, 
such as transient calcium currents. 

2. Having identified a cell type with a high affinity 
binding site for the peptide, the receptor will be iden- 
tified by ligand overlay blotting and intracellular lo- 
calisation by indirect detection of the biotinylated 
peptide using a streptavidin conjugated fluoro- 
chrome. Subsequently the receptor will be purified 
either by affinity chromatography using immobilised 
peptide, or by conventional column chromatogra- 
phy using the ability of the peptide to bind to column 
fractions as an assay to follow purification. 

3. The purified receptor will be subject to N-terminal 
microsequencing (or tryptic fragments will be puri- 
fied by HPLC and microsequenced if the receptor 
molecule as isolated proves to be N-terminally 
blocked). The peptide sequences obtained in this 
way will be compared with a non-redundant compi- 
lation of available peptide sequence databases to 
identify any similarities (or identity with a known sur- 
face molecule). The sequences will also be com- 
pared with expressed sequence tag (EST) databas- 
es in case the mRNA for the receptor has already 
been obtained as a cDNA by chance in a random 
library construction and sequencing project. 

4. If the strategy in (3) does not identify a cDNA se- 



quence, the peptide sequences will be back-trans- 
lated to provide nucleotide sequences from which 
oligonucleotides will be constructed. These oligo- 
nucleotides will be used to amplify regions of the 

5 parent mRNA by reverse transcription of total cel- 
lular RNA (from the cell type used in the original bi- 
ochemical isolation), followed by specific amplifica- 
tion with each possible primer pair using the 
polymerase chain reaction (PCR). These PCR 

10 products will be directly sequenced by cycle se- 
quencing using an Applied Biosystems automated 
sequencer. 

5. The sequences obtained from these PCR prod- 
ucts will be compared with sequences in existing 

*5 nucleotide databases as in. (3). If this comparison 
reveals that an identical sequence has previously 
been obtained, then a strong candidate for the re- 
ceptor gene is available (Note that this does not im- 
ply that the sequence that has been obtained pre- 

20 viously has already been implicated in any way in 
the functions that the invention ascribes to this mol- 
ecule). 

6 If no identical or highly similar sequences are 
identified in (5), then the PCR-derived nucleotide 

25 fragments will be used as radiolabeled probes to 
screen a cDNA library constructed by oligo-dT 
primed reverse transcription from the mRNA of the 
cell type used in the original biochemical isolation. 
This will identify candidate cDNA clones which will 

30 then be sequenced as above. The identity of the 
candidate cDNAs with the protein of interest will be 
confirmed initially by demonstrating that the clone 
contains the sequences of the other PCR-derived 
nucleotide fragments. If an incomplete cDNA clone 

35 is obtained then 5' extension will be carried out us- 
ing the RACE technique (Rapid amplification of cD- 
NA ends). 

7. The function of the protein encoded by the cDNA 
will be confirmed by expression of the full-length 

40 protein using a transient eukaryotic expression vec- 
tor in cells previously shown not to have a high af- 
finity binding site for the AChE peptide. Expression 
of the protein in these cells should result in the ap- 
pearance of a high affinity binding site for the AChE 

45 peptide on these transfected cells. This will confirm 
that the correct sequence has been identified. 

8. The cDNA sequence will be used to express the 
protein in a baculovirus-infected insect cell system 
in order to obtain large amounts of pure protein for 

50 structural studies. Note that this may require the 
construction of a soluble ectodomain fragment if the 
protein is a transmembrane molecule. The structur- 
al studies will include circular dichroism (CD) meas- 
urements, 2-D nuclear magnetic resonance analy- 

55 sis (NMR) and attempts at crystallisation. Pure re- 
ceptor protein will also facilitate detailed analysis of 
the binding of peptides, or candidate non-peptide 
agonists (or antagonists), to the receptor using sur- 
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face plasmon resonance methods. 
9. Once the AChE ligand and its receptor are 
known, there are various ways of controlling or pre- 
venting their action:- 

a) Destroy the ligand, i.e. identify a protease 
that cleaves the active peptide ligand into an 
inactive form and promote its activity e.g. by in- 
ducing it or impregnating it. 

b) Prevent production of the ligand, i.e. identify 
a protease that produces the ligand and inhibit 
that. 

c) Sequester the ligand and remove it with an- 
tibody or with soluble receptor ectodomain. A 
modification of this approach is possible if the 
AChE/p-amyloid synergy results from competi- 
tion for a high affinity sequestration site differ- 
ent from that which produces the biological ef- 
fect. Introduction of excess of high affinity site 
will reduce the biological effect. 

d) Block the receptor with an antagonist, e.g. 
design an analogue that binds the receptor, 
competes with endogenous peptide, but does 
not raise calcium levels. In an experimental 
system showing binding and calcium ion sig- 
nals, it will be possible to assay for a class of 
compounds that bind the receptor, compete 
with the peptide ligand, but do not themselves 
activate the receptor. 

e) Uncouple the receptor from the cellular re- 
sponse, e.g. by preventing ligand binding to the 
receptor from causing cellular response by 
blocking a second messenger that is preferably 
unique to the system. 

EXAMPLE 2 

[0022] The 14-mer AChE peptide, the corresponding 
14-mer human BuChE peptide (AGFHRWNNYMMD- 
WK) and the 16-mer p-amyloid peptide were synthe- 
sised and used in studies to assess their biological ac- 
tivity, with the summarised results given in Examples 3 
to 7 

EXAMPLE 3 

(i) Electrophysiological studies 

[0023] These experiments are performed on slices of 
guinea-pig midbrain maintained in vitro. Intracellular re- 
cordings are made from a rostral population of neurons 
in the substantia nigra under current clamp conditions. 
All results listed below are obtained in the presence of 
the sodium channel blocker tetrodotoxin. In order to fa- 
cilitate visualisation of calcium-mediated potentials trig- 
gered by activation of NMDA receptors, all experiments 
are performed in magnesium-free perfusate. Under 
these conditions, results to date indicate: 



(a) In 11 neurons, in concentrations ranging from 
10 7 M to lO^M, the peptide fragment derived from 
AChE has a selective and reversible action reminis- 
cent of the actions of AChE itself, i.e. with lower dos- 
5 es/less sensitive situations there is an enhanced 
calcium influx. This effect is followed by, in sus- 
tained applications/stronger doses/more sensitive 
neurons, a marked reduction in the calcium poten- 
tials. 

10 (b) Under conditions where AChE is normally effec- 
tive and under magnesium-free conditions, the 
comparable BuChE fragment appears without cor- 
responding effect (n=3), and the analogous frag- 
ment of p-amyloid also appears ineffective (n=4). 

15 However, a synergism between the peptide derived 
from AChE and this fragment of p-amyloid is reflect- 
ed in a reduction in the evoked calcium potential 
(n=7) followed by the generation of large spontane- 
ous thapsigargin-sensitive calcium currents oscil- 

20 lating in a biphasic manner (n=3). 

(c) In 6 neurons, application of NMDA, which on its 
own produces a 'physiological' depolarisation, re- 
sults, under identical conditions, in severe metabol- 
ic stress of the cell after treatment with the AChE 

25 peptide at a concentration as low as 1 0" 7 M, or at an 
even lower concentration when combined with the 
amyloid peptide. 

[0024] High doses of NMDA, repeated electrical stim- 
30 ulation and indeed raised extra cellular calcium levels, 
all result in an effect on calcium potentials similar to that 
seen for AChE peptide. The most obvious common fac- 
tor in these three other treatments is that all to them en- 
hance calcium entry; the most parsimonious explana- 
35 tion for the reduction in calcium potential, seen following 
AChE peptide, is that the peptide enhances calcium en- 
try too. 

[0025] These results suggest that the peptide speci- 
fied in the invention is enhancing calcium entry into a 

40 population of neurons in the substantia nigra. Once 
large amounts of calcium have entered the neuron, buff- 
ering mechanisms come into play, reflected by the 
marked reduction in calcium potential. At its most effec- 
tive, when the peptide is combined with the fragment 

45 from p-amyloid, then this enhanced calcium entry fol- 
lowed by the triggering of intracellular control mecha- 
nisms, is seen as a spontaneous oscillation. It has al- 
ready been shown that recombinant AChE, acting in a 
non-classical fashion, can enhance calcium entry into 

50 these neurons via a modulatory action on the NMDA re- 
ceptor. These results suggest that the peptide derived 
from AChE, specified in the invention, could be respon- 
sible for this effect. 

55 (ii) Behavioural Studies 

[0026] In these experiments, rats were chronically im- 
planted with a cannula in one substantia nigra and left 
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to recover. After a period of about 3 days, they were in- 
fused with either a saline control solution, or a solution 
containing the 14-mer AChE peptide of the invention at 
a dose of 1ul of 10* 5 M. After a single infusion, they were 
challenged daily with a systemic application of amphet- 5 
amine for the subsequent 10 days. Although the control 
group (n=6) showed no significant effects, the group re- 
ceiving the peptide (n=8) gradually started to display 
contraversive rotation, which reached a maximum after 
7 days post infusion and remained consistent for the re- 
maining 3 days tested. 

[0027] These results suggest that the peptide-medi- 
ated calcium entry observed in (i) could be setting in 
train long-latency, long-term intracellular events that re- 
sult in a sustained elevation of the activity of neurons in 
the treated substantia nigra. This enhanced, unilateral 
activation is manifest as contraversive circling behav- 
iour. 

[0028] AChE when infused unilaterally into the sub- 
stantia nigra produces a long-term increase in circling 
behaviour which reflects increased activity of the nigros- 
triatal pathway. Under some circumstance this effect is 
mimicked by AChE-peptide, although the onset of the 
effect takes several days following peptide infusion and 
the response is variable. A low concentration of APP- 
peptide also increases activity of the nigrostriatal path- 
way, although doubling the concentration reverses this 
effect, possibly reflecting the change from trophic to tox- 
ic actions of this agent. AChE- and APP-peptide appear 
to interact. 

EXAMPLE 4 

Electrophysiological evidence for an effect of the 
AChE 14-mer peptide on neurones of the 
hippocampus 

[0029] The hippocampus is a brain region remote 
from the substantia nigra detailed in the original appli- 
cation. This issue is important because an effect of the 
peptide in the substantia nigra can be connected to Par- 
kinson's disease because cells in the substantia nigra 
are lost during the development of this condition. By 
contrast an effect in the hippocampus can be connected 
to Alzheimer's disease because the hippocampus is a 
major site of degenerative neuropathology in Alzheim- 
er's disease. 

[0030] Data has been obtained to suggest that the 
peptide has direct toxic effects on hippocampal cells in 
organotypic cultures. The effect is synergistic with the 
known excito-toxic effects of N-methyl-D-aspartate 
(NMDA), can be seen within one hour of application. 
Toxic effects are also detectable histochernically over a 
culture period of three weeks. This is particularly impor- 
tant because there is a need for a demonstration of pep- 
tide toxicity in a system related to a major neurodegen- 
erative disorder. 

[0031] The organotype tissue culture technique re- 



quires postnatal (day 5-7) rats given terminal anaesthe- 
sia followed by decapitation. Sections of hippocampus, 
400 urn thick, are prepared and then plated on a plasma/ 
thrombin clot. A serum-based media is added to these 
cultures, which can then be maintained at constant tem- 
perature (35° C) for up to 21 days. After each study, cul- 
tures are stained with trypan blue to assess ceil viability, 
in addition, after every removal of serum media, cultures 
are assayed for lactate dehydrogenase (LDH - a soluble 
cytoplasmic enzyme used as an index of cellular dam- 
age). 

[0032] Semi-acute application of the AChE-peptide 
and/or N-methyl-D-aspartate (NMDA) for 1 hour results 
in extensive cellular damage in various regions of hip- 
pocampal sections, compared to control samples. 
[0033] Following chronic studies (cultures are main- 
tained for 21 days and treated with AChE-peptide and/ 
or NMDA every 3-4 days), cultured cells are immunocy- 
tochemically stained for acetylcholinesterase in order to 
assess what action, if any, the AChE-peptide has on cell 
number. The findings of biochemical studies (LDH as- 
says) carried out on these chronic cultures support the 
proposed toxic action of AChE-peptide following its 
semi-acute application to hippocampal sections. How- 
ever, current work suggests that acetylcholinesterase- 
positive cells may be protected to some extent and, 
therefore it is possible that either acetyl cholinesterase- 
negative cells are selectively vulnerable or the AChE- 
peptide may have a more pronounced action when ap- 
plied with NMDA or both these cases may apply. 

EXAMPLE 5 

Reproducible binding of peptide to brain sections 

[0034] In order to obtain a probe derived from the 
AChE-peptide that could be followed when bound to 
specific sites within sections of brain (whether rodent or 
human) a modified peptide was made. The modified 
peptide consisted of the AChE-peptide to which was 
covalently attached at the N terminus a fluorescein 
group. This modified peptide was bound to fixed perme- 
abilised brain sections, the excess unbound material 
washed off and then the fluorescein group detected with 
an alkaline phosphatase conjugated monoclonal anti- 
fluorescein reagent. This in turn was washed to remove 
the unbound excess, and a substrate that produces a 
highly localised, coloured, insoluble precipitate in the 
presence of alkaline phosphatase was added in a solu- 
tion of pH 8.4. Finally, the reaction was stopped by low- 
ering the pH to neutral (pH 7.0) and the distribution of 
the reaction product was examined by microscopy and 
photography. 

[0035] This indirect ligand overlay method provides a 
significant amplification of the weak signal due to pep- 
tide binding and overcomes a general problem of back- 
ground due to non-specific sticking of first or second re- 
agents. A control with the modified peptide omitted was 
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always included, and a drug, levamisole, was routinely 
used to block the activity of alkaline phosphatase en- 
zymes that are present naturally in the tissue. The result 
is a clean assay that shows peptide-dependent binding 
reactions confined to certain brain regions and certain 
populations of cells within those regions. 
[0036] The specific example of the cerebellum is a 
good one; the peptide specifically labels a population of 
cells with neuronal morphotogy within the granular ceil 
layer of the cerebellum in rats, guinea pigs and humans. 
The cells labelled represent a subpopulation of the cells 
present in this highly cellular layer. In rodents the stain- 
ing is present in cell bodies, but excluded from the nu- 
cleus, and extends into long processes, some of which 
extend into the molecular cell layer, forming a net around 
the Purkinje cells, which are themselves negative. 

EXAMPLE 6 

AChE 14-mer peptide 

[0037] Rabbits were immunised by conventional pro- 
tocols with adjuvant containing a modified AChE-pep- 
tide. In this case, the modification was to construct a 
covalent cluster of four copies of the AChE-peptide con- 
nected via three lysine residues. This structure is known 
as a multi-antennary peptide, or MAP-peptide, and is 
known to give rise to more potent stimulation of the re- 
cipient's immune response in many cases. The rabbits 
were repeatedly immunised and test bleeds were used 
to follow the development of a response to the antigen. 
[0038] The resulting antiserum is a high titre poly- 
clonal antiserum with marked specificity for the AChE- 
peptide; although the MAP-AChE peptide is recognised 
with the highest affinity, the reagent is still a potent for 
binding monomelic AChE-peptide alone. The an- 
ti-AChE reactivity is of the IgG subclass, indicating that 
a secondary response has occurred in the animals. 
[0039] A skilled reader knows that a similar immuni- 
sation protocol in mice (giving the MAP-peptide in an 
adjuvant into the peritoneal cavity on a number of occa- 
sions) would give rise to an immune response to the 
AChE peptide in mice. This immune response could be 
immortalised by fusion of immunocompetent cells from 
the immunised mice (conventionally the spleen but in 
principle lymph node also) with a nonsecreting myeloma 
cell line using fusogens such as polyethylene glycol or 
electrical discharges. Immortalised cell lines producing 
a reactivity of interest are derived clonally by screening 
assays based upon the solid phase binding assay used 
to study the binding of the polyclonal antibody to the 
peptide. The cells of interest are subcloned to purity, so 
their product is a single immunoglobulin species and the 
resulting pure hybridoma population is preserved by 
freezing in liquid nitrogen and used to produce the mon- 
oclonal antibody that is then used in all of the ways that 
a skilled reader knows of for such reagents. 
[0040] It is routinely possible to obtain the sequence 



of the variable regions of the immunoglobulins produced 
by hybridomas selected in this way. This would be done 
(as in previously published protocols for other unrelated 
monoclonal antibodies) by using the polymerase chain 

5 reaction to amplify and clone the variable region se- 
quences from messenger RNA isolated from the hybri- 
domas of interest. These regions are then cloned back 
into a recombinant background that permits the engi- 
neering of their association with specific detecting en- 

10 zymes or prosthetic groups for detection or purification. 
The recombinant protein is produced in bacteria, or in 
insect cells using the baculovirus expression system, or 
in mammalian cell lines. 

15 EXAMPLE 7 

Competition Assay 

[0041] In order to be sure that the antibody recognition 

20 of peptides occurs without the possible distortion due to 
the binding of the peptide to a charged plastic surface, 
an assay was used in which the critical interaction is 
studied in solution. Briefly, a solid phase assay was set 
up using the AChE-peptide on a plastic surface in a 

25 small well and an amount of the antibody which will give 
a large signal of known size when assayed in this solid 
phase assay. An aliquot of the antibody was preincubat- 
ed with potential competitors for binding to the AChE- 
peptide before presenting the resulting mixture to the 

30 peptide bound to the well. If the competitor has bound 
to the anti-peptide antibody during the preincubation, 
then there will be less free antibody available to bind to 
the immobilised peptide in the well, and the signal that 
recorded in the solid phase assay will be reduced. 

35 [0042] This assay was first validated by demonstrat- 
ing that the AChE-peptide itself could compete in this 
assay in a dose-dependent manner, and was then used 
to show that the antiserum generated is specific for 
AChE-peptide. This latter conclusion is drawn from the 

40 fact that even excessive doses of the APP or BuChE 
peptide could not compete for the binding of antibody to 
immobilised AChE-peptide. 

[0043] When human CSF was used as the competitor 
during the preincubation, high levels of competition 
45 were recorded showing that human CSF contains a 
component that is structurally similar to the epitope(s) 
present in the AChE-peptide. 

[0044] The Western blotting assay in which the pro- 
teins of the CSF are electrophoretically separated ac- 

50 cording to size and then transferred to a nitrocellulose 
substrate addresses the question of the identity of the 
species in human CSF that is recognised by the anti- 
peptide antiserum. The array of proteins on the nitrocel- 
lulose sheet (or blot) is probed with the anti-peptide an- 

55 tibody followed by a secondary antibody covalently at- 
tached to alkaline phosphatase. When this assay is per- 
formed the anti AChE-peptide antiserum is found to spe- 
cifically decorate a protein component at approximately 
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according to any one of the preceding claims. 

6. An antibody according to any one of claims 1 to 4 
which is a monoclonal antibody. 

5 

7. Use of an antibody according to any one of the pre- 
ceding claims to detect antigen capable of binding 
said antibody in human cerebrospinal fluid (CSF) in 
vitro. 

10 

8. A method of diagnosing Alzheimer's disease which 
comprises detecting antigen capable of binding an 
antibody according to any one of claims 1 to 6 in 
human cerebrospinal fluid (CSF) in vitro. 

15 

9. An antibody according to any one of claims 1 to 6 
for use in a method of treatment of disorders of the 
central nervous system, stroke or cancer. 



13 

25,000 Dalton molecular mass. This is not the size of 
the AChE. The protein is present in all CSF samples 
from both normal and Alzheimer's disease patients. 
[0045] When the complex antiserum is affinity purified 
using the 25,000 Dalton protein as the ligand, the result- 
ing antibody recognises the 25,000 Dalton protein as ex- 
pected, but also a second, apparently less abundant, 
protein. This second reactivity has the interesting and 
potentially important property that the size of the protein 
is smaller in Alzheimer disease patients than in normal 
controls. Although the number of samples so far looked 
at is small (3 AD and 3 normal), the effect is completely 
consistent, so perhaps this is a reproducible difference 
between the CSF of normal and AD patients. If this is 
confirmed, the potential for a diagnostic test is clear. 

Peptide Length 

[0046] The inventors have so far only studied one 
AChE 1 4-mer peptide length; the evidence that polypep- 
tides of other sizes may contain the functional region is 
that the anti-peptide antiserum recognises a species of 
25,000 Daltons (much larger than the c2,000 Daltons of 
the AChE-peptide). Furthermore recombinant AChE 
that contains the part of the protein encoded by exon 6 
is an effective competitor in the above competition as- 
say, showing that the region is still recognised by the 
antibody when it is attached to the parent protein. 
[0047] Thus, the peptide used may not be uniquely 
functional because of its size; the functional structure is 
encoded within the 1 4-mer, and can be detected by an- 
tibody when present in the context of a much larger 
polypeptide. 



20 10. An antibody according to any one of claims 1 to 6 
for use in a method of treatment for controlling cy- 
toplasmic calcium ion concentration in vivo. 



25 



30 



Claims 

1 . An antibody to an isolated peptide, said peptide be- 
ing selected from the peptide of sequence AEFHR- 
WSSYMVHWK and functional variants thereof 40 
which (i) comprise at least 6 amino acids residues 
and have at least 70% homology with part or all of 
said sequence and (ii) retain the calcium channel 
modulatory function of the peptide of said se- 
quence. 45 

2. An antibody according to claim 1 wherein the pep- 
tide is a fragment of acetylcholinesterase. 

3. An antibody according to claim 1 or 2 wherein the so 
peptide consists of the sequence AEFHRWSSYM- 
VHWK. 

4. An antibody according to any one of the preceding 
claims which is of the IgG class. 55 

5. An antibody fragment or chimeric or humanised an- 
tibody comprising variable regions of an antibody 
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